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*Primary human astrocytes treated with no reagent (control) or 200 
mM MnCl2 (Mn-treated) for 7 days were subjected to flow 
cytometric analysis as described in Materials and Methods. The 
shown data are averages from three experiments, and the two-tailed 
t-test p-value was calculated by using the SAS software 

0 200 50 10 Mn ( µµµµ M) 
COX2 

actin 
Human astrocytes were treated with 0, 10, 50, or 200 mM MnCl2 for 7 days. Then protein 
extracts were prepared and subjected to Western blotting analysis. The PVDF membranes 
were probed with antibodies against COX2 and b-actin, respectively.  Equal amounts of 
cellular proteins were loaded in every lane 

6.  Consistent with results from microarray analysis, 
protein level of the inflammatory mediator COX2 is 

enhanced by manganese exposure 

4.  Manganese interferes with cell cycle progression and 
causes astrocytes to accumulate in S phase 

7.  Cartoon Illustrating How the Expression of Inflammatory Mediators 
by Astrocytes in Response to Mn Can Cause Neuronal Injury 

1.  Human Exposure to Manganese May Cause Manganism: 
A Parkinsonian-Like Disorder 

2.  The Application of Genomic Technology to Study Mechanisms 
of Manganese Neurotoxicity 

Environmental exposure to manganese can lead to accumulation of manganese in the brain. 
Human exposure to manganese can occur through various environmental sources.  The recent 
addition of the manganese-containing compound methylcyclopentadienyl manganese tricarbonyl to 
gasoline as an anti-knock agent has raised concern regarding exposure to airborne manganese 
as a public health issue. In occupational settings such as those present in welding factories, workers 
may be exposed to elevated levels of manganese. 
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*The up-regulated and down-regulated genes in primary human astrocytes (Figure 1) were 
categorized by using the NIH DAVID annotation program and the Gene Ontology algorithm in 
GeneSpring. Listed here are the numbers of altered genes encoding cytokine and inflammatory 
functions (Cyto), regulators of cell cycle and DNA replication and repair (Cell), transporters 
(Transp), transcriptional regulators (Trans Reg) and signal transducers (Sign Trans), and those 
with developmental-relevant functions (Dev). The total (Tot) number of altered transcripts by Mn 
is also shown; the number of annotated(classified) genes is shown in parentheses. "+" indicates 
upregulated genes while "-" indicates down-regulated genes 
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3.  Manganese can alter the expression of a subset of genes with 
various distinct functions 

5.  Manganese enhances the expression of a group of genes 
encoding cytokines and inflammatory functions 
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